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The objective of the research program is to explore the effects of spatially-confined
ultrafast optical excitations of materials to a state of strong electron-phonon
nonequilibrium on the evolution of the deposited energy, electronic scattering processes
and resulting thermal transport properties. The inadequate physical understanding of
the processes that control the temporal and spatial energy confinement in short-pulsed
laser interactions with materials inhibits the advancement of laser processing
applications. Therefore, the overarching goal of the proposed work is to investigate
electronic excitation parameters and the material thermal response to high-power,
short-pulse laser excitations at different spatial and temporal scales. In particular, this
project investigates the combined effects of laser pulse properties and sample geometry
on short-pulse laser processing of nanostructured materials in an effort to control the
level of electronic excitation and resulting energy confinement based on laser and
interfacial parameters. The focus of the study is on the parameters that affect carrier
scattering and energy density redistribution in materials, which are the driving factors
behind various material processing applications. This work utilized intertwined high-
power, short-pulsed, pump-probe, thermoreflectance-based laser techniques and
material/film synthesis and characterization. The combination of the various excitation
conditions and sample/interfacial properties that affect the energy density led to the
advancement of the understanding of laser interactions with solids that spans various
length- and time-scales, and encompasses different energy transport mechanisms.
Through the course of this research program, the work extended beyond optical
excitations and studied the role of externally applied electric fields on the resulting
thermal transport properties in solids. Using thermoreflectance-based laser techniques
to probe samples on which electric fields are applied, this work demonstrated the ability
to continuously tune the phonon thermal conductivity of ferroelectric solids. The electric
fields changed the ferroelastic domain states, which varied the phonon scattering rates
and led to the experimental realization of an electric field controlled phonon thermal
conductivity switch.
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